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(54) ARRAY WAVEGUIDE TYPE DIFFRACTION GRATING AND LIGHT TRANSMITTING CENTER
WAVELENGTH CORRECTING METHOD

(57) At least one of two slab waveguides constitut-
ing an arrayed waveguide grating is cut and separated
together with a substrate on a cross separating face (8).
A slide moving member (17) is arranged over a
waveguide forming area formed on the substrate includ-
ing the separating slab waveguide (3a) and a waveguide
forming area formed on the substrate including the sep-
arating slab waveguide (3b). Temperature dependence

of the center wavelength of the arrayed waveguide grat-
ing is reduced by slide-moving the separating slab
waveguide (3a) by the slide moving member (17) along
the cross separating face (8) dependently on tempera-
ture. The shift of an initial center wavelength is corrected
by plastically deforming the slide moving member (17)
so that the initial center wavelength is conformed to a
grid wavelength.
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Description

Technical Field

[0001] The present invention relates to an arrayed
waveguide grating used as a wavelength division mul-
tiplexer/demultiplexer in optical communications, and
method for correcting center wavelength.

Background of the Invention

[0002] In recent optical communications, wavelength
division multiplexing communications are vigorously re-
searched and developed and its practical use is ad-
vanced as a method for greatly increasing transmission
capacity of the optical communications. In the wave-
length division multiplexing communications, for exam-
ple, a plurality of lights having wavelengths different
from each other are multiplexed and transmitted. In such
wavelength division multiplexing communications, a
light transmitting device which transmits only the prede-
termined wavelengths is indispensable.
[0003] Fig. 11 shows one example of the light trans-
mitting device. This light transmitting device is an ar-
rayed waveguide grating (AWG) of a planar lightwave
circuit (PLC). The arrayed waveguide grating includes
a waveguide forming area 10 having a waveguide con-
struction formed on a silicon substrate 1 as shown in
Fig. 11.
[0004] The waveguide construction of the arrayed
waveguide grating comprises at least one optical input
waveguide 2 and a first slab waveguide 3 connected to
an emitting side of at least one optical input waveguide
2. An arrayed waveguide 4 constructed by a plurality of
channel waveguides 4a arranged side by side is con-
nected to an emitting side of the first slab waveguide 3.
A second slab waveguide 5 is connected to an emitting
side of the arrayed waveguide 4. A plurality of optical
output waveguides 6 arranged side by side are connect-
ed to an emitting side of the second slab waveguide 5.
[0005] The above arrayed waveguide 4 propagates
light transmitted from the first slab waveguide 3. Lengths
of the adjacent channel waveguides 4a are different by
∆L from each other. For example, the optical output
waveguides 6 are arranged in accordance with the
number of signal lights of wavelengths different from
each other. A plurality of channel waveguides 4a such
as 100 channel waveguides 4a are normally arranged.
However, in Fig. 11, the number of optical output
waveguides 6, the number of channel waveguides 4a
and the number of optical input waveguides 2 are re-
spectively schematically shown to simplify Fig. 11.
[0006] For example, an unillustrated optical fiber is
connected to the optical input waveguide 2 so as to in-
troduce the wavelength multiplexed light. The wave-
length multiplexed light is transmitted to the first slab
waveguide 3 through one of the optical input
waveguides 2. The wavelength multiplexed light trans-

mitted to the first slab waveguide 3 is widened by a dif-
fraction effect, and is transmitted to the arrayed
waveguide 4, and is propagated in the arrayed
waveguide 4.
[0007] The light propagated in the arrayed waveguide
4 reaches the second slab waveguide 5, and the lights
are condensed each other and outputted to each of op-
tical output waveguide 6. However, since the lengths of
the adjacent channel waveguides 4a of the arrayed
waveguide 4 are different from each other, a phase shift
is caused for the individual light after the light is propa-
gated in the arrayed waveguide 4. A phasefront of the
condensed light is inclined in accordance with this shift
amount, and a condensing position is determined by an
angle of this inclination.
[0008] Therefore, the condensing positions of the
lights of different wavelengths are different from each
other. The lights (demultiplexed lights) of different wave-
lengths can be outputted from the different optical output
waveguides 6 every wavelength by forming the optical
output waveguides 6 in the respective light condensing
positions.
[0009] Namely, the arrayed waveguide grating has an
optical demultiplexing function for demultiplexing from
the multiplexed light, having wavelengths different from
each other. A center wavelength of the demultiplexed
light is proportional to the difference (∆L) between the
lengths of the adjacent channel waveguides 4a of the
arrayed waveguide 4 and an effective refractive index
(equivalent refractive index) n of the arrayed waveguide
4.
[0010] The arrayed waveguide grating satisfies the
relation of (formula 1).

[0011] Here, ns is an equivalent refractive index of
each of the first slab waveguide and the second slab
waveguide, and nc is an equivalent refractive index of
the arrayed waveguide. Further, φ is a diffraction angle,
m is a diffraction order, d is the distance between the
adjacent channel waveguides 4a at the end of the ar-
rayed waveguide 4, and λ is a center wavelength of light
outputted from each optical output waveguide.
[0012] Here, when the center wavelength at the dif-
fraction angle φ=0 is set to λ0, λ0 is represented by (for-
mula 2). The wavelength λ0 is generally called a center
wavelength of the arrayed waveguide grating.

(formula 1)

ns • d • sinφ + nc • ∆L = m • λ

(Formula 2)

λ0 =
nc•∆L

m
----------------

1 2
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[0013] Since the arrayed waveguide grating has the
above characteristics, the arrayed waveguide grating
can be used as a wavelength multiplexer/demultiplexer
for the wavelength multiplexing transmission.
[0014] For example, as shown in Fig. 11, when a mul-
tiplexed light of wavelengths λ1, λ2, λ3, ---, λn (n is an
integer not less than 2) is inputted from one of the optical
input waveguides 2, the light having the different wave-
lengths is widened in the first slab waveguide 3 and
reach the arrayed waveguide 4. Thereafter, the lights of
the respective wavelengths are condensed to different
positions in accordance with the wavelengths as men-
tioned above through the second slab waveguide 5. The
lights of the respective wavelengths are transmitted to
the optical output waveguides 6 different from each oth-
er, and are outputted from emitting ends of the optical
output waveguides 6 through the respective optical out-
put waveguides 6.
[0015] The above light of each wavelength is taken
out through an unillustrated optical fiber for an optical
output by connecting this optical fiber to the emitting end
of each optical output waveguide 6. When the optical
fiber is connected to each optical output waveguide 6
and the above optical input waveguide 2, for example,
an optical fiber array fixedly arranging a connecting end
face of the optical fiber in a one-dimensional array shape
is prepared. The optical fiber arrays are fixed to connect-
ing end face sides of the optical output waveguides 6
and the optical input waveguides 2, and then the optical
fibers, the optical output waveguides 6 and the optical
input waveguides 2 are connected.
[0016] In the above arrayed waveguide grating, trans-
mittion characteristics of the light outputted from each
optical output waveguide 6, i.e., the wavelength de-
pendency of transmitted light intensity of the arrayed
waveguide grating are provided as shown in Fig. 12A.
As shown in Fig. 12A, in the light transmitting charac-
teristics of the light outputted from each optical output
waveguide 6, each center wavelength (for example, λ1,
λ2, λ3, ---, λn) is set to a center and light transmittance
is reduced as the wavelength is shifted from each cor-
responding center wavelength. Fig. 13 is a view over-
lapping and showing an example of an output spectrum
from each optical output waveguide 6.
[0017] It is not necessarily limited that the above light
transmitting characteristics have one local maximum
value as shown in Fig. 12A. For example, as shown in
Fig. 12B, there is also a case in which the light transmit-
ting characteristics have not less than two local maxi-
mum values.
[0018] Further, since the arrayed waveguide grating
utilizes the principle of reciprocity (reversibility) of light,
the arrayed waveguide grating has the function of an
optical demultiplexer, and also has the function of an
optical multiplexer. For example, in contrast to Fig. 11,
the optical multiplexing is performed by making lights of
a plurality of wavelengths different from each other in-
putted from the respective optical output waveguides 6

of the arrayed waveguide grating every wavelength. The
light transmitted from each optical output waveguide 6
passes through a propagating path reverse to the above
propagating path and is multiplexed through the second
slab waveguide 5, the arrayed waveguide 4 and the first
slab waveguide 3, and is emitted from one of the optical
input waveguides 2.
[0019] The waveguide forming area of the above ar-
rayed waveguide grating is originally mainly formed by
a silica-based glass material. Therefore, the above cent-
er wavelength of the arrayed waveguide grating is shift-
ed dependently on temperature by temperature de-
pendence of the silica-based glass material. When a
temperature changing amount of the arrayed
waveguide grating is set to T, this temperature depend-
ence is represented by (formula 3) by differentiating the
above (formula 2) by this temperature changing amount
T.

[0020] In the (formula 3), the first term on the right-
hand side shows the temperature dependence of an ef-
fective refractive index of the arrayed waveguide 4, and
the second term on the right-hand side shows a change
in length of the arrayed waveguide 4 caused by expan-
sion and contraction of the substrate.
[0021] Fig. 14 is a view typically showing the temper-
ature dependence of this center wavelength by meas-
uring results of the light transmitting characteristics out-
putted from some one of the optical output waveguides
6. As shown in Fig. 14, the center wavelength is shifted
on a long wavelength side as the temperature of the ar-
rayed waveguide grating rises. Conversely, the center
wavelength is shifted on a short wavelength side as the
temperature of the arrayed waveguide grating is re-
duced.
[0022] When the temperature rises, the refractive in-
dex of glass forming the waveguide is increased so that
the first term on the right-hand side of (formula 3) is in-
creased. Further, when the temperature rises, the length
of the arrayed waveguide 4 is physically lengthened by
thermal expansion of the substrate 1 and the waveguide
material. Namely, the second term on the right-hand
side of (formula 3) is increased. Accordingly, when the
temperature rises, the length of a sensing optical path
of the light passing through the arrayed waveguide 4 is
lengthened so that the above center wavelength shift is
caused.
[0023] Fig. 14 shows the temperature change in the
transmitting characteristics of the light outputted from
some one of the optical output waveguides 6, but the
transmitting characteristics of the light outputted from all
the optical output waveguides 6 show similar shift char-

(Formula 3)

dλ
dT
-------= λ

nc
-----•

∂nc

∂T
---------+λ

L
---•∂L

∂T
-------

3 4
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acteristics in the arrayed waveguide grating. Namely, in
the light outputted from all the optical output waveguides
6, the center wavelength is shifted by the same shifting
amount in the same shifting direction dependently on
temperature.
[0024] In the conventional arrayed waveguide grat-
ing, dnc/dT=1x10-5 (°C-1) and nc=1.451 at a wavelength
of 1.55 µm are set. Further, there are many cases in
which the arrayed waveguide grating is used at present
to demultiplex and multiplex. Therefore, the tempera-
ture dependence of the above center wavelength of the
conventional arrayed waveguide grating is calculated in
the wavelength band with the wavelength 1550 nm as
a center. Thus, a value of the temperature dependence
of the center wavelength is set to about 0.01 nm/°C.
[0025] Accordingly, for example, when the tempera-
ture of the arrayed waveguide grating is changed by
50°C, the center wavelength outputted from each opti-
cal output waveguide 6 is shifted by 0.5 nm. When the
temperature of the arrayed waveguide grating is
changed by 70°C, the shifting amount of the above cent-
er wavelength is 0.7 nm.
[0026] In recent years, a demultiplexing or multiplex-
ing wavelength interval calculated in the arrayed
waveguide grating ranges from 0.4 nm to 1.6 nm and is
very narrowed. Accordingly, as mentioned above, it can-
not be neglected that the center wavelength is changed
by the above shifting amount by the temperature
change.
[0027] Therefore, an arrayed waveguide grating hav-
ing a temperature adjusting means for constantly hold-
ing the temperature of the arrayed waveguide grating
so as not to change the center wavelength by the tem-
perature is conventionally proposed. For example, this
temperature adjusting means is constructed by arrang-
ing a Peltier device, a heater, etc. These temperature
adjusting means perform control for holding the arrayed
waveguide grating to a set temperature determined in
advance.
[0028] Fig. 15 shows a construction in which a Peltier
device 26 is arranged on a side of the substrate 1 of the
arrayed waveguide grating. In the arrayed waveguide
grating shown in Fig. 15, the temperature of the arrayed
waveguide grating is adjusted so as to be constantly
held on the basis of a detecting temperature of a ther-
mistor 40. In Fig. 15, reference numerals 41 and 12 re-
spectively designate a lead wire and a soaking plate.
[0029] In a construction in which a heater is arranged
instead of the Peltier device, the temperature of the ar-
rayed waveguide grating is held to a high temperature
by the heater and is constantly held.
[0030] In the construction for arranging the above
temperature adjusting means, it is possible to restrain
expansion and contraction of the substrate 1, a change
in equivalent refractive index of the above core, etc.
caused by temperature by constantly holding the tem-
perature of the arrayed waveguide grating. Therefore,
the problem of the temperature dependence of the

above center wavelength can be dissolved in the con-
struction for arranging the temperature adjusting
means.
[0031] However, a controller, a thermistor for control,
a thermocouple, etc. are naturally required to constantly
hold the temperature of the arrayed waveguide grating
by using the temperature adjusting means such as a
Peltier device and a heater. In the arrayed waveguide
grating constructed by arranging the temperature ad-
justing means, there was a case in which no center
wavelength shift could be accurately restrained by an
assembly shift of parts of the temperature adjusting
means, etc.
[0032] Further, in the arrayed waveguide grating, pre-
cision is very required at a manufacturing of the arrayed
waveguide grating. Therefore, the conventional arrayed
waveguide grating also has the problem that the center
wavelength is shifted from a design wavelength by an
error (manufacture dispersion, etc.). Accordingly, the
development of a cheap arrayed waveguide grating able
to correct both the shift of the center wavelength from
the design wavelength and the temperature depend-
ence had been required.

Disclosure of the Invention

[0033] The arrayed waveguide grating of a first con-
struction of the present invention comprises;

a waveguide construction has at least optical input
waveguide, a first slab waveguide connected to an
emitting side of at least one optical input waveguide,
an arrayed waveguide connected to an emitting
side of the first slab waveguide and constructed by
a plurality of channel waveguides having lengths
different from each other by set amounts and ar-
ranged side by side, a second slab waveguide con-
nected to an emitting side of the arrayed
waveguide, and a plurality of optical output
waveguides arranged side by side and connected
to an emitting side of the second slab waveguide;
the waveguide construction is formed on a sub-
strate;
separating slab waveguides are formed by separat-
ing at least one of said first slab waveguide and the
second slab waveguide on a crossing face crossing
a path of light passing through the slab waveguide;
a slide moving member for reducing the tempera-
ture dependence of a center wavelength of the ar-
rayed waveguide grating by sliding and moving at
least one side of the separated separating slab
waveguides along said separating face dependent-
ly on temperature is arranged;
and a length of the slide moving member is set to a
length for correcting a shift of the center wavelength
of the arrayed waveguide grating from a set wave-
length by plastic deformation of said slide moving
direction.

5 6
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[0034] The arrayed waveguide grating of a second
construction of the present invention comprises;

the above slide moving member is plastically de-
formed by applying compression stress to the slide
moving member in addition to the above first con-
struction.

[0035] The arrayed waveguide grating of a third con-
struction of the present invention is comprises;

the above slide moving member is plastically de-
formed by applying tensile stress to the slide mov-
ing member in addition to the above first construc-
tion.

[0036] The arrayed waveguide grating of a fourth con-
struction of the present invention comprises;

a waveguide construction is formed on a substrate
such that a first slab waveguide is connected to an
emitting side of at least one optical input waveguide,
and an arrayed waveguide constructed by a plural-
ity of channel waveguides for propagating light
transmitted from the first slab waveguide and hav-
ing lengths different from each other by set amounts
and arranged side by side is connected to an emit-
ting side of the first slab waveguide, and a second
slab waveguide is connected to an emitting side of
the arrayed waveguide, and a plurality of optical
output waveguides arranged side by side are con-
nected to an emitting side of the second slab
waveguide;
separating slab waveguides are formed by separat-
ing at least one of said first slab waveguide and the
second slab waveguide on a crossing face crossing
a path of light passing through the slab waveguide;
a slide moving member for reducing the tempera-
ture dependence of a center wavelength of the ar-
rayed waveguide grating by sliding and moving at
least one side of the separated separating slab
waveguides along said separating face dependent-
ly on temperature is arranged;
a hollow or a hole is formed in a displacing area of
the slide moving member in its sliding direction;
and a length of said slide moving member is set to
a length for correcting a shift of the center wave-
length of the arrayed waveguide grating from a set
wavelength by fitting a fitting member having a large
diameter portion having a diameter larger than that
of an opening of the hollow or the hole into said hol-
low or the hole.

[0037] The arrayed waveguide grating of a fifth con-
struction of the present invention comprises;

the above fitting member is set to a taper screw re-
duced in diameter toward its tip side in addition to

the above fourth construction.

[0038] The arrayed waveguide grating of a sixth con-
struction of the present invention comprises;

the above slide moving member is formed by a met-
al in addition to one of the above first to fifth con-
structions.

[0039] A method for correcting center wavelength of
the arrayed waveguide grating of a seventh construction
of the present invention comprises;

a waveguide construction has at least one optical
input waveguide, a first slab waveguide connected
to an emitting side of at least one optical input
waveguide, an arrayed waveguide connected to an
emitting side of the first slab waveguide and con-
structed by a plurality of channel waveguides hav-
ing lengths different from each other by set amounts
and arranged side by side, a second slab
waveguide connected to an emitting side of the ar-
rayed waveguide, and a plurality of optical output
waveguides arranged side by side and connected
to an emitting side of the second slab waveguide;
the waveguide construction is formed on a sub-
strate; a separating slab waveguide is formed by
separating at least one of said first slab waveguide
and the second slab waveguide on a crossing face
crossing a path of light passing through the slab
waveguide;
a slide moving member for reducing the tempera-
ture dependence of a center wavelength of the ar-
rayed waveguide grating by sliding and moving at
least one side of said separated separating slab
waveguide along said separating face dependently
on temperature is arranged in the arrayed
waveguide grating;
and the center wavelength of the arrayed
waveguide grating is set to a set wavelength by
moving at least one side of said separating slab
waveguide along said separating face by plastically
deforming the slide moving member.

[0040] The method for correcting a center wavelength
of the arrayed waveguide grating of an eighth construc-
tion of the present invention comprises;

the above slide moving member is plastically de-
formed by applying compression stress to the
above slide moving member in addition to the above
seventh construction.

[0041] The method for correcting a center wavelength
of the arrayed waveguide grating of a ninth construction
of the present invention comprises;

the above slide moving member is plastically de-

7 8



EP 1 260 837 A1

6

5

10

15

20

25

30

35

40

45

50

55

formed by applying tensile stress to the above slide
moving member in addition to the above seventh
construction.

[0042] The method for correcting a center wavelength
of the arrayed waveguide grating of a tenth construction
of the present invention comprises;

a waveguide construction has at least one optical
input waveguide, a first slab waveguide connected
to an emitting side of the optical input waveguide,
an arrayed waveguide connected to an emitting
side of the first slab waveguide and constructed by
a plurality of channel waveguides having lengths
different from each other by set amounts and ar-
ranged side by side, a second slab waveguide con-
nected to an emitting side of the arrayed
waveguide, and a plurality of optical output
waveguides arranged side by side and connected
to an emitting side of the second slab waveguide;
the waveguide construction is formed on a sub-
strate;
a separating slab waveguide is formed by separat-
ing at least one of said first slab waveguide and the
second slab waveguide on a crossing face crossing
a path of light passing through the slab waveguide;
a slide moving member for reducing the tempera-
ture dependence of a center wavelength of the ar-
rayed waveguide grating by sliding and moving at
least one side of said separated separating slab
waveguide along said separating face dependently
on temperature is arranged in the arrayed
waveguide grating;
a hollow or a hole is formed in a displacing area of
the slide moving member in its sliding direction;
and a length of said slide moving member in said
sliding direction is changed and at least one side of
said separating slab waveguide is moved along
said separating face by fitting a fitting member hav-
ing a large diameter portion having a diameter larg-
er than that of an opening of the hollow or the hole
into said hollow or the hole so that the center wave-
length of the arrayed waveguide grating is set to a
set wavelength.

[0043] The method for correcting a center wavelength
of the arrayed waveguide grating of an eleventh con-
struction of the present invention comprises;

while the center wavelength of the above arrayed
waveguide grating is monitored, a movement along
the separating face of the separating slab
waveguide is made by the slide moving member so
as to set the monitored center wavelength to the set
wavelength in addition to one of the above seventh
to tenth constructions.

[0044] The present inventors noticed linear disper-

sion characteristics of the arrayed waveguide grating to
restrain the temperature dependence of the arrayed
waveguide grating.
[0045] As mentioned above, in the arrayed
waveguide grating, the center wavelength λ0 at a dif-
fraction angle φ=0 is represented by the formula (2). A
condensed position of the arrayed waveguide grating
providing this diffraction angle φ=0 is set to a point O in
Fig. 10. In this case, for example, the condensed posi-
tion (a position at an output end of the second slab
waveguide) of light providing a diffraction angle φ=φp be-
comes the position of a point P shifted from the point O
in the X-direction. Here, when the distance between the
points O and P in the X-direction is set to x, the following
(formula 4) is formed between the distance x and the
wavelength λ.

[0046] In the (formula 4), Lf is a focal length of the sec-
ond slab waveguide, and ng is a group refractive index
of the arrayed waveguide. The group refractive index ng
of the arrayed waveguide is provided by the following
(formula 5) using an equivalent refractive index nc of the
arrayed waveguide.

[0047] The above (formula 4) means that light differ-
ent by dλ in wavelength can be taken out by arranging
and forming an input end of the optical output waveguide
is arranged and formed in a position separated by the
distance dx in the X-direction from the focal point O of
the second slab waveguide.
[0048] The relation of the (formula 4) is similarly
formed with respect to the first slab waveguide 3. For
example, a focal center of the first slab waveguide 3 is
set to a point O', and a point located in a position shifted
by a distance dx' in the X-direction from this point O' is
set to a point P'. In this case, when light is transmitted
to this point P', an output wavelength is shifted by dλ'.
This relation is represented by the following (formula 6).

[0049] In the (formula 6), Lf' is a focal length of the first
slab waveguide. This (formula 6) means that light differ-
ent by dλ' in wavelength in the optical output waveguide

(Formula 4)

dx
dλ
------=

Lf•∆L

ns•d•λ0
--------------------ng

(Formula 5)

ng = nc-λ0

d•nc

dλ
------------

(Formula 6) dx '
dλ '
--------=

Lf '•∆L

ns•d•λ0
--------------------ng
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formed at the above focal point O can be taken out by
arranging and forming an output end of the optical input
waveguide in a position separated by the distance dx'
in the X-direction from the focal point O' of the first slab
waveguide.
[0050] Accordingly, when the center wavelength out-
putted from the optical output waveguide of the arrayed
waveguide grating is shifted by ∆λ by the temperature
change, the shift of the center wavelength is corrected
by shifting the output end position of the optical input
waveguide by the distance dx' in the above X-direction
so as to set dλ' = ∆λ. For example, light having no wave-
length shift can be taken out by this shifting operation in
the optical output waveguide formed at the focal point
O. Further, since the above action is similarly caused
with respect to the other optical output waveguides, the
above shift ∆λ of the center wavelength can be correct-
ed (dissolved).
[0051] In the present invention of the above construc-
tion, at least one of the first slab waveguide and the sec-
ond slab waveguide is separated on a face crossing the
path of light passing through the slab waveguide. Here,
an argument will be made by assuming that the first slab
waveguide is separated. For example, a separating slab
waveguide side (including the optical input waveguide)
connected to the optical input waveguide among this
separated first slab waveguide is slid and moved along
the above separating face by the slide moving member.
Thus, the above each center wavelength can be shifted
by this sliding movement.
[0052] Further, the separating slab waveguide and
the optical input waveguide are moved by the above
slide moving member along the above separating face
in a direction for reducing the temperature dependence
change of the above each center wavelength such that
the temperature dependence change (wavelength shift)
∆λ of the above each center wavelength is equal to dλ.
Thus, the above center wavelength shift depending on
temperature can be dissolved.
[0053] Strictly speaking, the focal length Lf' of light
propagated within the first slab waveguide is slightly
changed from the output end of the optical input
waveguide to an input end of the arrayed waveguide by
changing the position of the output end of the optical
input waveguide. However, the focal length of the first
slab waveguide in the arrayed waveguide grating used
at present is of the order of several mm. In contrast to
this, a moving amount of the output end position of the
optical input waveguide moved to correct the center
wavelength of the arrayed waveguide grating is of the
order from several µm to several ten µm. Namely, the
moving amount of the output end position of the above
optical input waveguide is very small in comparison with
the focal length of the first slab waveguide.
[0054] Therefore, it is substantially considered that
the change in the above focal length can be neglected.
Thus, as mentioned above, the center wavelength shift
depending on temperature can be dissolved if the sep-

arating slab waveguide and the optical input waveguide
are moved along the above separating face in the direc-
tion for reducing the temperature dependence change
of each center wavelength in the arrayed waveguide
grating.
[0055] Here, the relation of a temperature changing
amount and a position correcting amount of the optical
input waveguide will be derived in advance. Since the
temperature dependence (the shifting amount of the
center wavelength due to temperature) of the above
center wavelength is represented by the above (formula
3), the shifting amount ∆λ of the center wavelength can
be represented by the following (formula 7) using the
temperature changing amount T.

[0056] When the temperature changing amount T and
the position correcting amount dx' of the optical input
waveguide are calculated from (formula 6) and (formula
7), the following (formula 8) is derived.

[0057] In the present invention, the separating slab
waveguide of the first slab waveguide and the optical
input waveguide are slid and moved by the above slide
moving member along the above separating face de-
pendently on temperature by the position correcting
amount dx' shown by (formula 8). The above center
wavelength shift depending on temperature can be dis-
solved by this sliding movement.
[0058] When the center wavelength of the arrayed
waveguide grating is shifted from the set wavelength
such as a grid wavelength, etc., it is also important to
correct this shift. In the arrayed waveguide grating of the
present invention, as mentioned above, if a separating
slab waveguide side connected to the optical input
waveguide is slid and moved along the above separat-
ing face, the above each center wavelength can be shift-
ed. Therefore, in the present invention, the separating
slab waveguide is slid and moved along the above sep-
arating face by changing the length of the slide moving
member in the above slide moving direction by plastic
deformation of the slide moving member, etc. Therefore,
in the present invention, the center wavelength of the
arrayed waveguide grating can be shifted to the set
wavelength.
[0059] For example, the above slide moving member
is plastically deformed by applying compression stress
and tensile stress to the slide moving member. Further,

(Formula 7)

∆λ=dλ
dT
-------T

(Formula 8)

dx '=
Lf '•∆L

ns•d•λ0
--------------------ng

dλ
dT
-------T
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the length of the slide moving member in the slide mov-
ing direction can be also changed by fitting a fitting mem-
ber into a hollow or a hole formed in the slide moving
member.
[0060] The center wavelength of the arrayed
waveguide grating can be approximately set to the set
wavelength by setting the length of the slide moving
member to a length for correcting the shift of the center
wavelength of the arrayed waveguide grating from the
set wavelength.
[0061] In the present invention, as mentioned above,
the slide moving member slides and moves the sepa-
rating slab waveguide dependently on temperature. Ac-
cordingly, for example, if the temperature dependence
of the center wavelength of the arrayed waveguide grat-
ing is reduced by this sliding movement, it is possible to
construct an excellent arrayed waveguide grating in
which the center wavelength approximately becomes
the set wavelength at any temperature within a using
temperature range.
[0062] As mentioned above, the arrayed waveguide
grating is formed by utilizing reciprocity of light. There-
fore, similar effects are also obtained when the slide
moving member for separating a second slab
waveguide side and sliding and moving at least one side
of the separated separating slab waveguides in the di-
rection for reducing the temperature dependence
change of the above each center wavelength along the
above separating face is arranged. In the arrayed
waveguide grating of this construction, the center wave-
length can be set to the set wavelength at any temper-
ature within the using temperature range.

Brief Description of the Drawings

[0063] Fig. 1A is a plan view showing the construction
of a main portion of a first embodiment of an arrayed
waveguide grating in the present invention. Fig. 1B is a
side view of this construction. Fig. 1C is an explanatory
view showing a plastic deformation operation of a slide
moving member arranged in the first embodiment by a
plan view. Fig. 1D is a side view showing this plastic de-
formation operation.
[0064] Fig. 2 is an explanatory view typically showing
an example of a center wavelength correcting process
of the arrayed waveguide grating of the first embodi-
ment.
[0065] Fig. 3 is an explanatory view showing an ex-
ample of a jig applied to the center wavelength correc-
tion of the arrayed waveguide grating of the first embod-
iment.
[0066] Fig. 4 is a graph showing light transmitting
characteristics before the center wavelength correction
of the arrayed waveguide grating of the first embodi-
ment, when stress for making this correction is applied,
and after the center wavelength correction.
[0067] Fig. 5A is a plan view showing the construction
of a main portion of a second embodiment of the arrayed

waveguide grating in the present invention. Fig. 5B is a
side view showing this construction. Fig. 5C is an ex-
planatory view showing a plastic deformation operation
of a slide moving member arranged in the second em-
bodiment by a plan view. Fig. 5D is a side view showing
this plastic deformation operation.
[0068] Fig. 6 is an explanatory view typically showing
an example of a center wavelength correcting process
of the arrayed waveguide grating of the second embod-
iment.
[0069] Fig. 7A is a plan view showing the construction
of a main portion of another embodiment of the arrayed
waveguide grating of the present invention. Fig. 7B is a
side view showing this construction. Fig. 7C is an ex-
planatory view showing the plastic deformation opera-
tion of a slide moving member arranged in the embodi-
ment shown in Figs. 7A and 7B by a plan view. Fig. 7D
is a side view showing this plastic deformation opera-
tion.
[0070] Fig. 8A is a plan view showing the construction
of a main portion of another embodiment of the arrayed
waveguide grating of the present invention. Fig. 8B is a
side view showing this construction. Fig. 8C is an ex-
planatory view showing the plastic deformation opera-
tion of a slid moving member arranged in the embodi-
ment shown in Figs. 8A and 8B by a plan view. Fig. 8D
is a side view showing this plastic deformation opera-
tion.
[0071] Fig. 9A is a plan view showing the construction
of a main portion of another embodiment of the arrayed
waveguide grating of the present invention. Fig. 9B is a
side view showing this construction. Fig. 9C is an ex-
planatory view showing the plastic deformation opera-
tion of a slide moving member arranged in the embodi-
ment shown in Figs. 9A and 9B by a plan view. Fig 9D
is a side view showing this plastic deformation opera-
tion.
[0072] Fig. 10 is an explanatory view showing the re-
lation of a center wavelength shift in the arrayed
waveguide grating and the positions of an optical input
waveguide and an optical output waveguide.
[0073] Fig. 11 is an explanatory view showing a con-
ventional arrayed waveguide grating.
[0074] Fig. 12A is a graph showing an example of light
transmitting characteristics of light outputted from one
of the optical output waveguides of the arrayed
waveguide grating. Fig. 12B is a graph showing another
example of the light transmitting characteristics of the
light outputted from one of the optical output
waveguides of the arrayed waveguide grating.
[0075] Fig. 13 is a graph overlapping and showing the
light transmitting characteristics of light outputted from
a plurality of optical output waveguides of the arrayed
waveguide grating.
[0076] Fig. 14 is a graph showing an example in which
the light transmitting characteristics of light outputted
from one of the optical output waveguides of the arrayed
waveguide grating are shifted by temperature.
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[0077] Fig. 15 is an explanatory view showing an ar-
rayed waveguide grating constructed by arranging a
conventional Peltier device.

Best Mode for Carrying Out the Invention

[0078] The present invention will now be described on
the basis of respective embodiments with reference to
the accompanying drawings, wherein like reference nu-
merals designate corresponding or identical elements
throughout the various drawings.
[0079] Figs. 1A and 1B typically show schematic
views of a first embodiment of an arrayed waveguide
grating in the present invention. Figs. 1A and 1B are re-
spectively plan and side views of this arrayed
waveguide grating in the first embodiment.
[0080] As shown in Figs. 1A and 1B, the waveguide
construction of a core is formed on a substrate 1 in the
arrayed waveguide grating of the first embodiment.
However, in the arrayed waveguide grating of the first
embodiment, a first slab waveguide 3 is separated on a
cross separating face 8 of a face (separating face)
crossing a path of light passing through the first slab
waveguide 3.
[0081] The cross separating face 8 is formed from one
end side (a left-hand end side of Figs. 1A and 1B) of a
waveguide forming area 10 to an intermediate portion
of the waveguide forming area. A non-cross separating
face 18 not crossing the first slab waveguide 3 is formed
in communication with this cross separating face 8. In
the first embodiment, the non-cross separating face 18
is arranged perpendicularly to the cross separating face
8, but may not be also perpendicular to the cross sepa-
rating face 8. Fig. 1A shows a mode in which the non-
cross separating face 18 and the cross separating face
8 are perpendicular to each other.
[0082] The cross separating face 8 and the non-cross
separating face 18 separate the waveguide forming ar-
ea 10 into a first waveguide forming area 10a including
a separating slab waveguide 3a on one side, and a sec-
ond waveguide forming area 10b including a separating
slab waveguide 3b on the other side.
[0083] Since the above first waveguide forming area
10a and the second waveguide forming area 10b are
separated from each other, these waveguide forming ar-
eas are arranged through a clearance. For example, the
distance of an A-portion (the distance between the non-
cross separating faces 18) shown in Fig. 1A is set to
about 100 µm. The distance of a B-portion (the distance
between the cross separating faces 8) shown in Fig. 1A
is set to about 25 µm.
[0084] In the first embodiment, a slide moving mem-
ber 17 for moving the first waveguide forming area 10a
along the cross separating face 8 with respect to the
second waveguide forming area 10b dependently on
temperature of the arrayed waveguide grating is ar-
ranged. The slide moving member 17 is constructed
such that this slide movement is made in a direction for

reducing center wavelength temperature dependence
of the arrayed waveguide grating.
[0085] The above slide moving member 17 is formed
by a copper plate as a metal having a coefficient of ther-
mal expansion larger than that of the substrate 1. The
coefficient of thermal expansion of copper is 1.65x10-5

(1/K). An adhesive 30 is arranged on a lower side of the
slide moving member 17, and the slide moving member
17 is fixed to a portion for fixation of the waveguide form-
ing areas 10a, 10b.
[0086] In the first embodiment, each parameter in the
above waveguide construction is constructed as fol-
lows.
[0087] Namely, a focal length Lf' of the first slab
waveguide 3 and a focal length Lf of the second slab
waveguide 5 are equal to each other, and are set to 9
mm (9000 µm). Both equivalent refractive indexes of the
first slab waveguide 3 and the second slab waveguide
5 are set to ns at 25°C and are set to 1.453 with respect
to light of 1.55 µm in wavelength. Further, an adjacent
optical path length difference ∆L of a plurality of channel
waveguides 4a of an arrayed waveguide 4 is set to 65.2
µm, and the interval d between adjacent channel
waveguides 4a at the end of the arrayed waveguide 4
is set to 15 µm. A diffraction order m of the arrayed
waveguide grating is set to 61, and an equivalent refrac-
tive index nc of the arrayed waveguide 4 is set to 1.451
with respect to light of 1.55 µm in wavelength. A group
refractive index ng of the arrayed waveguide 4 is set to
1.475 with respect to light of 1.55 µm in wavelength.
[0088] Accordingly, in the arrayed waveguide grating
of the first embodiment, a center wavelength λ0 provid-
ing a diffraction angle φ=0 is set to λ0=about 1550 nm
as can be seen from the above (formula 2).
[0089] In the first embodiment, the moving amount of
an output end of an optical input waveguide 2 provided
by the movement of a side of the separating slab
waveguide 3a is set to dx'. When a relative value of this
moving amount dx' and a central wavelength shift
amount dλ' is calculated, dx'=25.6 dλ' is obtained. Ac-
cordingly, it can be seen that the length of a thermal ex-
pansion coefficient utilizing area in a longitudinal direc-
tion of the slide moving member 17 is changed by 2.56
µm to change the center wavelength by 0.1 nm.
[0090] Further, since the coefficient of thermal expan-
sion of the substrate 1 is very small in comparison with
the coefficient of thermal expansion of the slide moving
member 17, the length of the thermal expansion coeffi-
cient utilizing area of the copper plate required to com-
pensate the temperature dependence 0.01 nm/°C of a
center wavelength of the arrayed waveguide grating is
calculated by neglecting this coefficient of the thermal
expansion of the substrate 1. Thus, the value (calculat-
ed value) Jc of the length of the above thermal expan-
sion coefficient utilizing area is set to Jc=17 mm. When
an optimum value of the length of a fixing position dis-
tance (J in Fig. 1A) of the slide moving member 17 is
calculated by an experiment on the basis of this calcu-

15 16



EP 1 260 837 A1

10

5

10

15

20

25

30

35

40

45

50

55

lated value, it has been found that it is sufficient to set
this optimum value to 20 mm.
[0091] Therefore, in the first embodiment, the entire
length of the slide moving member 17 and the length of
the fixing position distance are determined so as to set
the length of J to 20 mm, and the arrayed waveguide
grating is manufactured.
[0092] Further, in the first embodiment, hole portions
38, 39 are formed in the slide moving member 17. As
shown by an arrow E of Figs. 1C and 1D, tensile stress
is applied to the slide moving member 17 so that the
slide moving member 17 is plastically deformed in the
above slide moving direction (an X-direction in these fig-
ures).
[0093] Since the hole portion 39 is formed in the slide
moving member 17, the slide moving member 17 is eas-
ily deformed. Since a forming position of the hole portion
39 is located in a central portion of the slide moving
member 17, the slide moving member 17 can be ex-
panded and contracted while strength of the slide mov-
ing member 17 in its bending direction is approximately
maintained.
[0094] The length of the slide moving member 17 is
set to a length for correcting the shift of the center wave-
length of the arrayed waveguide grating from a set
wavelength on a short wavelength side by the plastic
deformation in the slide moving direction caused by the
above tensile stress.
[0095] Figs. 1C and 1D exaggeratedly show a length
changing amount of the slide moving member 17.
Namely, Figs. 1C and 1D exaggeratedly show a dis-
tance changing amount of the non-cross separating
face 18. However, this changing amount is really very
smaller than the changing amount shown in Figs. 1C
and 1D.
[0096] The plastic deformation of the above slide
moving member 17 is performed by, for example, a vice
49 as a stress applying means shown in Fig. 3. Namely,
the above tensile stress applied to the slide moving
member 17 is adjusted by inserting each of pins 55, 56
arranged in the vice 49 into respectively each of the hole
portions 38 of the slide moving member 17. The tensile
stress applied to the above slide moving member 17 is
adjusted by adjusting a position of the pin 56 by operat-
ing a handle 57 in an insertion state of the pins 55, 56.
[0097] In the first embodiment, when the tensile stress
is applied to the above slide moving member 17, a Am-
plified Spontanious Emission (ASE) light source 42 is
connected to one of the optical input waveguides 2 of
the arrayed waveguide grating as shown in Fig. 2. Fur-
ther, an optical spectrum analyzer 43 is connected to
one of optical output waveguides 6 of the arrayed
waveguide grating. While the center wavelength of the
arrayed waveguide grating is monitored by the optical
spectrum analyzer 43, the tensile stress in a direction
shown by an arrow of Fig. 2 is applied to the slide moving
member 17 and the plastic deformation of the slide mov-
ing member 17 is performed.

[0098] In Fig. 2, reference numerals 21, 22 designate
optical fiber arrays, and reference numerals 23, 25 des-
ignate optical fibers, and reference numeral 24 desig-
nates an optical fiber ribbon.
[0099] A characteristic line a of Fig. 4 shows light
transmitting loss characteristics (light transmitting spec-
trum) of the arrayed waveguide grating before the ten-
sile stress is applied to the slide moving member 17. In
the first embodiment, as shown by a characteristic line
b of Fig. 4, the tensile stress is released and the vice 49
is detached from the slide moving member 17 when the
center wavelength of the arrayed waveguide grating is
changed by about -0.5 nm. Further, when the light trans-
mitting spectrum of the arrayed waveguide grating is
measured after the release of the above tensile stress,
the result shown by a characteristic line c of Fig. 4 is
obtained.
[0100] As shown by these characteristic lines a to c,
no change in optical characteristics can be seen in the
light transmitting spectrum at the applying time of the
above tensile stress or after the release of the tensile
stress except that the center wavelength is shifted in
comparison with a case prior to the application of the
tensile stress.
[0101] Further, although the center wavelength of the
arrayed waveguide grating is shifted by -0.5 nm at the
applying time of the above tensile stress, the shifting
amount of the center wavelength at a releasing time of
the above tensile stress is -0.1 nm. This means that the
slide moving member 17 is plastically deformed by -0.1
nm as the center wavelength shifting amount of the ar-
rayed waveguide grating. This also means that the cent-
er wavelength shifting amount (changing amount) pro-
vided by adding this plastic deformation and elastic de-
formation at a tensile time is -0.5 nm.
[0102] Thus, it is preferable to calculate a changing
amount of the center wavelength of the arrayed
waveguide grating from its initial value in advance with
respect to each of the applying time of the tensile stress
to the slide moving member 17 and the releasing time
of the tensile stress so as to obtain a predetermined de-
sirable center wavelength changing amount. When
such a center wavelength changing amount is meas-
ured, for example, the center wavelength can be set to
a grid wavelength.
[0103] As mentioned above, the temperature depend-
ence of the center wavelength of the light outputted from
each optical output waveguide 6 is equal in the arrayed
waveguide grating. Therefore, as mentioned above,
when the center wavelength from one of the optical out-
put waveguides 6 is set to the grid wavelength, the cent-
er wavelengths from the other optical output
waveguides 6 are also set to the grid wavelength.
[0104] The first embodiment is constructed as men-
tioned above, and the slide moving member 17 is plas-
tically deformed in the slide moving direction by applying
the tensile stress to the slide moving member 17 as
shown by the arrow E of Figs. 1C and 1D. In the first
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embodiment, the length of the slide moving member 17
is set to the length for correcting the shift of the center
wavelength of the arrayed waveguide grating from the
set wavelength by this plastic deformation. Accordingly,
in the first embodiment, the center wavelength of the ar-
rayed waveguide grating can be set to the set wave-
length (grid wavelength) by a very simple construction.
[0105] Further, in accordance with the first embodi-
ment, when the temperature of the arrayed waveguide
grating is changed, the above slide moving member 17
is expanded and contracted dependently on tempera-
ture. A side of the separating slab waveguide 3a is slid
and moved by this expansion and contraction along the
separating face 8 in a direction for reducing a tempera-
ture dependence change of each center wavelength of
the arrayed waveguide grating. The reducing direction
of the temperature dependence of each center wave-
length is the direction of an arrow C or D of Figs. 1A and
1B.
[0106] Therefore, in accordance with the first embod-
iment, even when the temperature of the arrayed
waveguide grating is changed, the center wavelength
shift caused by this temperature can be dissolved by
correcting the shift from the set wavelength. Namely, in
the first embodiment, it is possible to set the arrayed
waveguide grating of a so-called temperature independ-
ence type not depending on temperature.
[0107] Accordingly, in the first embodiment, it is pos-
sible to set an arrayed waveguide grating in which the
center wavelength becomes the set wavelength (grid
wavelength) at any temperature within a using temper-
ature range.
[0108] When the present inventors measured the
temperature change of the center wavelength at 0°C to
80°C in the arrayed waveguide grating of the first em-
bodiment, a shifting amount of the center wavelength
was about not more than 0.01 nm. Namely, it has been
able to be confirmed by this measurement that the ar-
rayed waveguide grating of the first embodiment is an
arrayed waveguide grating in which no center wave-
length is almost shifted even when the temperature is
changed within a range from 0°C to 80°C, and the center
wavelength is always the grid wavelength.
[0109] Figs. 5A and 5B typically show schematic
views of a second embodiment of the arrayed
waveguide grating in the present invention. This second
embodiment is constructed approximately similarly to
the above first embodiment. In an explanation of this
second embodiment, an overlapping explanation with
the above first embodiment is omitted or simplified.
[0110] This second embodiment characteristically dif-
fers from the above first embodiment in that the slide
moving member 17 is plastically deformed in the above
slide moving direction (the X-direction of Figs. 5A and
5B) by applying compression stress to the slide moving
member 17. As shown in Figs. 5C and 5D, this compres-
sion stress is applied in a direction shown by an arrow
E of Figs. 5C and 5D by nipping the slide moving mem-

ber 17 from both left-hand and right-hand sides. In the
second embodiment, no hole portions 38, 39 are formed
in the slide moving member 17.
[0111] In the second embodiment, the length of the
slide moving member 17 is set to a length for correcting
the shift of the center wavelength of the arrayed
waveguide grating from the set wavelength on a long
wavelength side by the plastic deformation in the above
slide moving direction.
[0112] In Figs. 5C and 5D, a length changing amount
of the slide moving member 17 is exaggeratedly shown.
Namely, a distance changing amount of the non-cross
separating face 18 is exaggeratedly shown. However,
the changing amount of the length of the slide moving
member 17 is really very smaller than the changing
amount shown by these figures.
[0113] The above plastic deformation is performed by
a compression stress applying means 45 such as a vice,
etc. The compression stress applying means 45 has a
guide 47 for regulating the deformation of the slide mov-
ing member 17, and a pressing jig 48 for precisely
changing the length of the slide moving member 17 in
its longitudinal direction by applying the compression
stress to the slide moving member 17.
[0114] In the second embodiment, when the com-
pression stress is applied to the slide moving member
17, similar to the above first embodiment, the center
wavelength of the arrayed waveguide grating is moni-
tored by the optical spectrum analyzer 43 as shown in
Fig. 6. The slide moving member 17 is then plastically
deformed such that the monitored the center wave-
length becomes the set wavelength.
[0115] As one example, in a plastic deforming proc-
ess of the above slide moving member 17, the present
inventors measured the center wavelength of light out-
putted from an eighth optical output waveguide 6 as an
eighth port of the arrayed waveguide grating before the
plastic deformation of the slide moving member 17. As
a result, the value of the center wavelength was 1550.20
nm. Therefore, the slide moving member 17 was plasti-
cally deformed by the above method in the above slide
moving direction, and the center wavelength of the
eighth port of the arrayed waveguide grating was
changed to 1550.116 nm as the above grid wavelength.
[0116] In the second embodiment, when the center
wavelength from one of the optical output waveguides
6 is set to the grid wavelength, the center wavelengths
from the other optical output waveguides 6 can be also
set to the grid wavelength. Effects similar to those in the
above first embodiment can be also obtained in the sec-
ond embodiment.
[0117] The present invention is not limited to the
above respective embodiments, but various embodi-
ment modes can be adopted. For example, in the above
first embodiment, the slide moving member 17 was plas-
tically deformed by applying the tensile stress to the
slide moving member 17. However, for example, if a po-
sition adjusting direction of the pin 56 using the vice 49
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is set to be reverse to that in the above first embodiment,
the compression stress can be applied to the slide mov-
ing member 17. In this case, the center wavelength of
the arrayed waveguide grating can be changed to a long
wavelength side.
[0118] For example, as shown in Figs. 7A and 7B, the
slide moving member 17 may be also formed by arrang-
ing dent 32 for a tensile jig on a surface side of the slide
moving member 17. In this construction, as shown by
an arrow E of Figs. 7C and 7D, the slide moving member
17 can be plastically deformed by applying the tensile
stress. For example, this tensile stress is applied by a
tensile jig 33 as shown in Fig. 7D.
[0119] In this construction, similar to the above first
embodiment, the shift of the center wavelength of the
arrayed waveguide grating from the set wavelength can
be corrected to a short wavelength side by plastically
deforming the slide moving member 17 in the above
slide moving direction.
[0120] Further, for example, as shown in Figs. 8A and
8B, a hollow or a hole 34 may be also formed in the slide
moving member 17 in a displacing area (an area shown
by J in these figures) in the slide direction. As shown in
Figs. 8C and 8D, a wedge member 35 as a fitting mem-
ber having a large insertion portion having a dimension
larger than that of an opening of the above hollow or
hole 34 may be also fitted into the above hollow or hole
34. In this case, the length of the slide moving member
17 is also set to the length for correcting the shift of the
center wavelength of the arrayed waveguide grating
from the set wavelength by fitting the wedge member
35 into the hollow or the hole 34. Thus, effects similar
to those in the above first embodiment can be obtained.
[0121] In the construction shown by Figs. 8C and 8D,
no slide moving member 17 may be necessarily plasti-
cally deformed by deformation of the slide moving mem-
ber 17 due to the fitting of the wedge member 35 into
the hollow or the hole 34. Namely, the fitting of the
wedge member 35 into the hollow or the hole 34 may
be also set to a so-called elastic deforming range in
which the length of the slide moving member 17 is re-
turned to its original length when the wedge member 35
is detached from the hollow or the hole 34.
[0122] Further, the arrayed waveguide grating of the
present invention may be, for example, also constructed
as shown in Figs. 9A, 9B, 9C and 9D. In this construc-
tion, a screw hole 36 as the hollow or the hole is formed
in a displacing area (an area shown by J in Fig. 9A) in
the sliding direction of the slide moving member 17, and
a taper screw 37 as a fitting member is fitted into the
screw hole 36. The taper screw 37 is a screw having a
large diameter portion having a diameter larger than that
of an opening of the screw hole 36, and reduced in di-
ameter toward a tip side. In this case, similar effects can
be also obtained by setting the length of the slide moving
member 17 to the length for correcting the shift of the
center wavelength of the arrayed waveguide grating
from the set wavelength by fitting the taper screw 37 into

the screw hole 36.
[0123] In this construction, the deformation of the
slide moving member 17 due to the fitting of the taper
screw 37 into the screw hole 36 may be also set to the
above elastic deforming range. Further, in this construc-
tion, the fine adjustment of a deforming amount of the
slide moving member 17 is very easily made by an in-
sertion depth of the taper screw 37.
[0124] Further, in this construction, the length of the
slide moving member 17 can be also lengthened and
shortened by adjusting a fastening amount of the taper
screw 37. Therefore, in this construction, the center
wavelength can be slightly adjusted to a long wave-
length side and a short wavelength side.
[0125] For example, the fastening amount of the
above taper screw 37 is adjusted as follows. First, the
slide moving member 17 is fixed to the arrayed
waveguide grating in advance in a state in which the ta-
per screw 37 is inserted until an intermediate portion of
the screw hole 36. Thereafter, when it is desirous to cor-
rect the center wavelength of the arrayed waveguide
grating to the short wavelength side, the length of the
slide moving member 17 is lengthened by deepening
the insertion depth of the taper screw 37 into the screw
hole 36. In contrast to this, when it is desirous to correct
the center wavelength of the arrayed waveguide grating
to the long wavelength side, the length of the slide mov-
ing member 17 is shortened by shallowing the insertion
depth of the taper screw 37 into the screw hole 36 and
removing the taper screw 37.
[0126] Further, in the above second embodiment, the
compression stress in the X-direction of Fig. 5C was ap-
plied to the slide moving member 17. However, in the
construction of the second embodiment, for example,
the length of the slide moving member 17 in the above
slide moving direction can be also changed such that
this length is lengthened by applying the compression
stress in the Y-direction of Fig. 5C. The slide moving di-
rection of the slide moving member 17 is the X-direction
of Figs. 5A and 5C.
[0127] As mentioned above, the deforming method of
the slide moving member 17 is not particularly limited,
but is suitably set. Namely, an important point is that the
length of the slide moving member 17 is set to a length
for correcting the shift of the center wavelength of the
arrayed waveguide grating from the set wavelength by
deforming the slide moving member 17 in the above
slide moving direction. Effects similar to those in the
above respective embodiments can be obtained in the
arrayed waveguide grating in which this length of the
slide moving member 17 is adjusted.
[0128] Further, as mentioned above, when the slide
moving member 17 is deformed by various methods
such as the plastic deformation, etc., it is preferable to
deform the slide moving member 17 while the center
wavelength of the arrayed waveguide grating is moni-
tored. Namely, it is preferable to make a movement
along the separating face of the separating slab
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waveguide by the slide moving member 17 such that the
monitored center wavelength becomes the set wave-
length.
[0129] Further, in the above respective embodiments,
the first slab waveguide 3 is separated, but the second
slab waveguide 5 may be also separated. Namely, since
the arrayed waveguide grating is formed by utilizing rec-
iprocity of light, effects similar to those in the above em-
bodiments are obtained even when the second slab
waveguide 5 is separated.
[0130] In this case, the slide moving member 17 is al-
so plastically deformed. Thereafter, at least one side of
the separated slab waveguide is slid and moved in a
direction for reducing the temperature dependence
change of the above each center wavelength along the
above face by the slide moving member 17. Thus, ef-
fects similar to those in the above respective embodi-
ments can be also obtained and the temperature de-
pendence change of the above each center wavelength
can be dissolved in the construction in which the second
slab waveguide 5 is separated.
[0131] Further, the separating face (cross separating
face) 8 of each of the first slab waveguide 3 or the sec-
ond slab waveguide 5 is not limited to a face approxi-
mately parallel to the X-axis as in the above respective
embodiments. The cross separating face 8 may be also
set to a slanting face with respect to the X-axis. Namely,
it is sufficient to set the cross separating face 8 to a face
for separating the slab waveguide on a face crossing a
path of light passing through the separated slab
waveguide.
[0132] Further, in the above respective embodiments,
the slide moving member 17 for sliding and moving a
side of the separating slab waveguide 3a along the sep-
arating face 8 is arranged in a mode in which the slide
moving member 17 lies across the first and second
waveguide forming areas 10a, 10b. However, an ar-
ranging mode of the slide moving member 17 is not par-
ticularly limited, but is suitably set.
[0133] For example, a base of the arrayed waveguide
grating is arranged, and the second waveguide forming
area 10b is fixed to the base, and the first waveguide
forming area 10a is set to be freely slid and moved with
respect to the base. One end side of the slide moving
member 17 is fixed to the base and the other end side
is fixed to the first waveguide forming area 10a. The first
waveguide forming area 10a may be also slid and
moved along the above separating face 8 dependently
on temperature by utilizing thermal expansion and con-
traction of the slide moving member 17.
[0134] In the above respective embodiments, the
slide moving member 17 is formed by copper as a metal,
but can be also formed by a metal except for copper.
Further, the slide moving member 17 may be also
formed by a material having a coefficient of thermal ex-
pansion larger than that of each of the substrate of the
arrayed waveguide grating and the waveguide forming
area except for the metal. However, since processing

such as plastic deformation, etc. is easily performed with
respect to the metal, there is an advantage in that the
arrayed waveguide grating can be easily manufactured
when the slide moving member 17 is formed by the met-
al.
[0135] Further, the slide moving member 17 may not
be constructed such that the above separating slab
waveguide is moved by utilizing expansion and contrac-
tion due to heat as mentioned above. For example, the
separating slab waveguide can be also moved by fixing
one end side of the slide moving member 17 to the sep-
arating slab waveguide, and arranging at least one of a
mechanical moving means and an electric moving
means for moving the above separating slab waveguide
on the other end side of the slide moving member 17.
[0136] Further, the detailed values of equivalent re-
fractive indexes of the respective waveguides 2, 3, 4a,
5, 6 constituting the arrayed waveguide grating of the
present invention, the number of waveguides, sizes of
the waveguides, etc. are not particularly limited, but are
suitably set.

Industrial Applicability

[0137] As mentioned above, since the arrayed
waveguide grating in the present invention can approx-
imately set the center wavelength to the set wavelength
at any temperature within e.g., a using temperature
range, the arrayed waveguide grating is suitable for a
light transmitting device for wavelength division multi-
plexing transmission.

Claims

1. An arrayed waveguide grating, comprising;

a waveguide construction has at least one op-
tical input waveguide, a first slab waveguide
connected to an emitting side of at least one
optical input waveguide, an arrayed waveguide
connected to an emitting side of the first slab
waveguide and constructed by a plurality of
channel waveguides having lengths different
from each other by set amounts and arranged
side by side, a second slab waveguide connect-
ed to an emitting side of the arrayed waveguide,
and a plurality of optical output waveguides ar-
ranged side by side and connected to an emit-
ting side of the second slab waveguide;
the waveguide construction is formed on a sub-
strate;
slab waveguides are formed by separating at
least one of the first slab waveguide and the
second slab waveguide on a crossing face
crossing a path of light passing through the slab
waveguide;
a slide moving member for reducing the tem-
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perature dependence of a center wavelength of
the arrayed waveguide grating by sliding and
moving at least one side of the separated sep-
arating slab waveguide along said separating
face dependently on temperature is arranged;
and
a length of the slide moving member is set to a
length for correcting a shift of the center wave-
length of the arrayed waveguide grating from a
set wavelength by plastic deformation of the
slide moving direction.

2. An arrayed waveguide grating according to claim 1,
wherein the slide moving member is plastically de-
formed by applying compression stress to the slide
moving member.

3. An arrayed waveguide grating according to claim 1,
wherein the slide moving member is plastically de-
formed by applying tensile stress to the slide mov-
ing member.

4. An arrayed waveguide grating, comprising;

a waveguide construction is formed on a sub-
strate such that a first slab waveguide is con-
nected to an emitting side of at least one optical
input waveguide, and an arrayed waveguide
constructed by a plurality of channel
waveguides for propagating light transmitted
from the first slab waveguide and having
lengths different from each other by set
amounts and arranged side by side is connect-
ed to an emitting side of the first slab
waveguide, and a second slab waveguide is
connected to an emitting side of the arrayed
waveguide, and a plurality of optical output
waveguides arranged side by side are connect-
ed to an emitting side of the second slab
waveguide;
separating slab waveguides are formed by sep-
arating at least one of the first slab waveguide
and the second slab waveguide on a crossing
face crossing a path of light passing through the
slab waveguide;
a slide moving member for reducing the tem-
perature dependence of a center wavelength of
the arrayed waveguide grating by sliding and
moving at least one side of the separated sep-
arating slab waveguides along said separating
face dependently on temperature is arranged;
a hollow or a hole is formed in a displacing area
of the slide moving member in its sliding direc-
tion; and
a length of said slide moving member is set to
a length for correcting a shift of the center
wavelength of the arrayed waveguide grating
from a set wavelength by fitting a fitting member

having a large insertion portion having a dimen-
sion larger than that of an opening of the hollow
or the hole into said hollow or the hole.

5. An arrayed waveguide grating according to claim 4,
wherein the fitting member is set to a taper screw
reduced in diameter toward its tip side.

6. An arrayed waveguide grating according to any one
of claims 1 to 5, wherein the slide moving member
is formed by a metal.

7. A method for correcting center wavelength of an ar-
rayed waveguide grating, comprising;

a waveguide construction has at least one op-
tical input waveguide, a first slab waveguide
connected to an emitting side of the optical in-
put waveguide, an arrayed waveguide connect-
ed to an emitting side of the first slab waveguide
and constructed by a plurality of channel
waveguides having lengths different from each
other by set amounts and arranged side by
side, a second slab waveguide connected to an
emitting side of the arrayed waveguide, and a
plurality of optical output waveguides arranged
side by side and connected to an emitting side
of the second slab waveguide;
the waveguide construction is formed on a sub-
strate;
separating slab waveguides are formed by sep-
arating at least one of the first slab waveguide
and the second slab waveguide on a crossing
face crossing a path of light passing through the
slab waveguide;
a slide moving member for reducing the tem-
perature dependence of a center wavelength of
the arrayed waveguide grating by sliding and
moving at least one side of the separated sep-
arating slab waveguides along said separating
face dependently on temperature is arranged
in the arrayed waveguide grating; and
the center wavelength of the arrayed
waveguide grating is set to a set wavelength by
moving at least one side of said separating slab
waveguide along said separating face by plas-
tically deforming the slide moving member.

8. A method for correcting center wavelength of an ar-
rayed waveguide grating according to claim 7,
wherein the slide moving member is plastically de-
formed by applying compression stress to said slide
moving member.

9. A method for correcting center wavelength of an ar-
rayed waveguide grating according to claim 7,
wherein the slide moving member is plastically de-
formed by applying tensile stress to the slide mov-
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ing member.

10. A method for correcting center wavelength of an ar-
rayed waveguide grating, comprising;

a waveguide construction has at least one op-
tical input waveguide, a first slab waveguide
connected to an emitting side of the optical in-
put waveguide, an arrayed waveguide connect-
ed to an emitting side of the first slab waveguide
and constructed by a plurality of channel
waveguides having lengths different from each
other by set amounts and arranged side by
side, a second slab waveguide connected to an
emitting side of the arrayed waveguide, and a
plurality of optical output waveguides arranged
side by side and connected to an emitting side
of the second slab waveguide;
the waveguide construction is formed on a sub-
strate;
separating slab waveguides are formed by sep-
arating at least one of the first slab waveguide
and the second slab waveguide on a crossing
face crossing a path of light passing through the
slab waveguide;
a slide moving member for reducing the tem-
perature dependence of a center wavelength of
the arrayed waveguide grating by sliding and
moving at least one side of the separated sep-
arating slab waveguides along the separating
face dependently on temperature is arranged
in the arrayed waveguide grating;
a hollow or a hole is formed in a displacing area
of the slide moving member in its sliding direc-
tion; and
a length of said slide moving member in the slid-
ing direction is changed and at least one the of
the separating slab waveguide is moved along
the separating face by fitting a fitting member
having a large insertion portion having a dimen-
sion larger than that of an opening of the hollow
or the hole into said hollow or the hole so that
the center wavelength of the arrayed
waveguide grating is set to a set wavelength.

11. A method for correcting center wavelength of an ar-
rayed waveguide grating according to any one of
claims 7 to 10, wherein, while the center wavelength
of the arrayed waveguide grating is monitored, a
movement along the separating face of the sepa-
rating slab waveguide is made by the slide moving
member so as to set the monitored center wave-
length to the set wavelength.
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